I-BLOCKS are an innovative concept of building blocks allowing users to manipulate conceptual structures and compose atomic actions while building physical constructions. They represent an example of enabling technologies for tangible interfaces since they emphasise physicality of interaction through the use of spatial and kinaesthetic knowledge. The technology presented in this paper is integrated in physical building blocks augmented with embedded and invisible microprocessors. Connectivity and behaviour of such structures are defined by the physical connectivity between the blocks. These are general purpose, constructive tangible user interface devices that can have a variety of applications. Differently from other approaches, I-BLOCKS do not only specify a computation that is performed by the target system but perform at the same time the computation and the associated action/functionality. Manipulating I-BLOCKS do not only mean constructing physical or conceptual structures but also composing atomic actions into complex behaviours. To illustrate this concept, the paper presents different scenarios in which the technology has been applied: story telling performed through the construction of physical characters exhibiting emotional states, and learning activities for speech therapy in cases of dyslexia and aphasia. The scenarios are presented discussing both the features of the technology used and the related interaction design issues. The paper concludes reporting about informal trials that have been conducted with children.
Introduction
In their original formulation (Ishii and Ullmer, 1997) , tangible interfaces are seamless interfaces between humans, digital information, and the physical environment that make bits accessible through everyday physical surfaces (e.g. walls, desktops, ceilings, doors, windows), everyday objects (e.g. cards, books, models, instruments) and ambient media such as light, sound, airflow and water flow in a physical environment.
This concept has been so far applied to a variety of domains, in most of the cases still in the form of prototype technologies and devices, and had proved to be a promising field of research for different disciplines like psychology, interaction design, software engineering, robotics, smart materials. Tangible interfaces may represent a valid opportunity for the development of novel interactive technologies that can overcome the limitation of the current computer-based technologies constrained to screen, mouse and keyboard interaction. The solutions that have been attempted so far have followed different strategies and developed a variety of concepts that make this field of research difficult to frame. In what follows we try to compose a framework for tangible interfaces, discussing advancements at the state-of-the-art and peculiarities of the main research achievements.
Framing tangible interfaces
The last decade has seen a wave of new research into ways to link the physical and digital worlds. This work has led to the identification of several major research themes, including augmented reality, mixed reality, ubiquitous computing, and wearable computing. At the same time, a number of interfaces have begun to explore the relationship between physical representation and digital information, highlighting kinds of interaction that are not readily described by these existing frameworks. One of the first who stated the importance of new paradigms for designing computational systems and more in particular educational technologies was Seymour Papert (1980) . Programmable LEGO (early examples are known from both MIT Media Lab and University of Edinburgh, and they are now sold commercially as LEGO Mindstorms) are an early example of physical manipulation of computing concepts. Mindstorms have a very broad spectrum of use. Their ultimate objective is to provide scaffolding as a helping structure to guide the user to build novel applications and gain knowledge and ability. Notwithstanding the effort of introducing new interaction paradigms with the LEGO kits, the whole process of building new applications is still subjected to an initial phase of writing code on a PC and then transferring the scripts to a central control brick (the RCX). More recently, several research groups developed haptic and tangible interfaces, starting from the working prototypes of 3D Input Devices for 3D modelling and design developed by John Frazer and his colleagues in the early '80s. Fitzmaurice, Buxton, and Ishii took an important step towards describing the new conceptual framework with their discussion of "graspable user interfaces" (Fitzmaurice, Ishii & Buxton, 1995) . The framework is pursued by different research groups like MIT's tangible media projects (Ishii & Ullmer, 1997) , Rauterbergs BUILD-IT system (Fjeld et al., 1999) , the Envisionment and Discovery Collaboratory in Boulder, Colorado (Arias, Eden & Fischer, 1997) , and the Real Reality approach (Bruns and Brauer, 1994; Schäfer et al., 1997; Bruns, 1996) . Other research groups are emerging in this field. However, the approaches to tangible interfaces differ in implementation and focus, while, at the same time, sharing certain main characteristics. Using various technical means, physical objects are coupled with digital representations. Any change in the physical arrangement is recognized and interpreted as a controlling action for the digital counterpart. This is in particular the feature that characterizes most of the existing prototypes of tangible interfaces. These physical objects are mainly interfaces either to a digital counterpart (e.g. navigational systems) or to a physical target system (e.g use of tangible devices as a control systems of other physical or digital worlds). An example of the first category are the navigational blocks (Camarata et al., 2002) that provide visitors of a virtual museum with a direct manipulation experience using physical blocks to navigate a data space. This interface uses the visitor's actions in the physical world to control a computational environment, in this case a database of historical information. An example of the second category are the Tangible Computation Bricks (McNerney, 2001) , physical building blocks augmented with embedded microprocessors that implement a programming language for scientific exploration. One of the reported examples of Tangible Computation Bricks is the exploration of the functioning of a bicycle trip computer. A magnet sensor is plugged into a trigger brick connected to a structure of bricks for counting the movements of the bicycle's wheel and for displaying the results. In this way the mechanism of counting is visible and the user can debug the system to synchronize the counting with the wheel movement. In McNerney's implementation, building blocks can only stack in one dimension, and they allow only for sequential control. Whereas this may be suitable in some cases (see linguistic scenario below), in other cases a more general approach allowing two or three dimensional construction and parallel control may be suitable (see I-BLOCKS control (arithmetic, behaviours, neural networks) description and the emotional construction scenario below). These two examples, as most of the currently available prototypes of tangible interfaces, share the characteristic to specify a computation that is performed by a target system. In a sense the tangible interface is still separated by any produced output either in the physical or in the virtual world. With the I-BLOCKS technology, we try to take a step ahead developing building blocks able to simultaneously perform computations and to act as output devices of the intended functionality. They are not control systems but both input and output devices that are constructed by the users. Therefore our objective is to develop a concept of seamless interface to manipulate physical objects (the building blocks and the constructions obtained assembling them), to build conceptual structures (the meaning associated to each block, e.g. a math block, word block), and to compose actions (combination of output blocks like motors, LEDs, loudspeakers). Manipulating I-BLOCKS do not only mean constructing physical or conceptual structures but composing actions for building complex behaviours.
I-BLOCKS technology
We developed the I-BLOCKS technology to support this concept and to allow learning by construction, and more specifically to support "programming by building" (Lund, 2003a) . By attaching a number of basic building blocks together, the user may construct an artefact that can both perceive input, process, and produce output. Here, it is important to emphasise that each building block is a basic building block, and the overall functionality is obtained by combining a number of building blocks into a whole system. By using building blocks that the users themselves should combine together, we may indeed be able to apply the technology to different cultural contexts and uses, since it is not the designer/engineer that produces the overall system as a black box, but it is the users that, based on their desires, construct the desired artefact by combining a number of building blocks.
The intelligent building blocks, I-BLOCKS, were developed to each contain a microprocessor (see Figure 1 ). In the applications described here, the housing of the I-BLOCKS takes the form of LEGO DUPLO bricks that each contains the electronics including the microprocessor. The microprocessor used in this case is the PIC16F876 40-pin 8 bit CMOS Flash microcontroller. Each I-BLOCK has four communication channels, two on the bottom of each brick and two on top of each brick. So, when attached together, I-BLOCKS may be able to communicate with each other over the two-way serial communication channels. Energy power from a 9V battery building block is transported through the construction of I-BLOCKS via connectors in the corners on the bottom on each block and connectors in the studs on top of each block.
When two building blocks are physically connected together, they may communicate with each other over the serial connection(s). In the sending building block, signals are sent to one of the connections and these signals are received by the attached connection in the receiving building block. In a typical set up, each building block will receive input on its communication channels, process this input, and then send the output of the processing procedure as output to the communication channels. A construction of such building blocks will have functionality defined by the physical construction (i.e. the topology), the input, the processing procedure in the individual building blocks, and the communication scheme.
There exist different types of I-BLOCKS that all share the same standard technology of providing processing and communication capabilities. We term these standard building blocks. In a number of cases, the standard building blocks are extended with the addition of sensors in order to become input building blocks, and in a number of cases extended with the addition of actuation in order to become output building blocks. Sensor building blocks include building blocks with LDR sensors, IR sensors, microphones, switches, potentiometer, and output building blocks include building blocks with servo motor, DC motor, IR emitter, LEDs, sound generator, etc. (see Table 1 and examples on Figure 2 ). It is possible to construct a number of other building blocks not included in the list of currently available building blocks, e.g. building blocks with digital compass, sonar, accelerometer, etc. With these building blocks, it is possible to construct a huge variety of physical objects with various functionalities. The processing in the physical construction is distributed among all the building blocks, and there is no central control opposed to traditional computerised systems (e.g. traditional robots and educational robots such as LEGO Mindstorms). The distribution of control is obtained by allowing processing within each individual I-BLOCK. In order to verify the technological possibilities of the I-BLOCKS (e.g. versatility of control methods), we implemented different kinds of processing in the I-BLOCKS before going to the scenarios described in more details below. Initially, we implemented control in the I-BLOCKS for allowing them to become arithmetic blocks, behaviour blocks, neural blocks, and spiking neural blocks. For instance, the arithmetic blocks include blocks for addition, subtraction, multiplication and division, sensor input blocks for setting input values, and output blocks to present output values. Also, the I-BLOCKS can easily become neural networks or spiking neural networks (Lund, 2003b; Nielsen and Lund, 2003) . Here, sensory building blocks can represent input neurons, output building blocks can represent output neurons, and standard building blocks can represent hidden neurons, so that the user constructs a neural network when combining I-BLOCKS in a construction. When the physical construction is made, it may adapt to the surrounding environment, for instance by the user interaction who is 'training' the construction (through Hebbian learning) (Nielsen and Lund, 2003) .
Another possibility that we suggest and investigated is behaviour building blocks. The behaviour building blocks contain primitive behaviours that can be executed according to a schedule in the building blocks. For instance, they may be executed in a sequential manner according to their position in the physical construction (see the linguistic scenario below), or extensions may lead to a behaviour-based system with parallel execution of primitive behaviours and arbitration in the actuator building blocks.
In general, the I-BLOCKS represent an enabling technology for tangible interfaces as general purpose, constructive tangible user interface devices that can have a variety of applications. In all cases, control is distributed among the building blocks that each processes and communicates with each other. Importantly, the I-BLOCKS do not only specify a computation that is performed by the target system but perform at the same time the computation and the associated action/functionality. In the following, we will describe how this results in novel opportunities compared to related work in developing tangible interfaces.
I-BLOCKS as novel tangible interfaces
Though the tangible interfaces may be innovative, the concept is not new as such, and different prototype systems exist. The idea of using various technical means for coupling physical objects with digital representations differs in implementation and focus among the different prototypes. In what follows we illustrate the specific features of the I-BLOCKS technology discussing the elements of novelty with respect to other existing prototypes of tangible interfaces.
Authoring contents
Most of the existing prototypes of tangible interfaces focus on the manipulation of preexisting contents. An example of such a system is the "Triangles system" developed by Gorbet, Orth and Ishii (1998) . The Triangles system is a physical/digital construction kit, which allows users to use two hands to grasp and manipulate complex digital information. However, authoring is limited to the assembling, in novel ways, of pre-existing contents. One drawback common to all of these applications is their use of pre-defined mappings of information to the physical interface objects. This requires, before each application, extensive content authoring that is performed by designers rather than by users. The I-BLOCKS technology aims at allowing users to control not only the output generated by specific interactions with the blocks, but to assign and reassign meaning to groupings of blocks during the course of an interaction. The interaction is therefore bi-directional: users assign meanings to constructions supported by the affordances and constraints of the pieces. Therefore they check the results of physical constructions, and edit again the output by deconstructing and reassembling the physical blocks. This particular feature is illustrated in the "living tree" scenario described in section 5.1 below.
Functional assembling
An innovative aspect of the I-BLOCKS system is to allow simultaneous structural and functional re-configuration of building blocks. Compared to traditional construction tools, the allowance of functional assembling is innovative, since most traditional construction tools work exclusively on structural assembling, e.g. traditional LEGO and K'NEX toys, architectural building blocks, scaffold boards, modular furnitures, etc. The I-BLOCKS differ from this traditional use of building blocks by allowing both physical and functional construction. The physical prototypes of I-BLOCKS consist of simple blocks with processing power and communication. Assembling of individual I-BLOCKS into a physical structure will result in a global behaviour (functionality) of the physical structure.
Open system I-BLOCKS is a truly open system, which allows any user to create both physical and functional structures based upon the user's own ideas and creativity. Since we are concerned with allowing users of I-BLOCKS to express their creativity, we designed a tangible interface that can work in isolation from host computers and traditional programming languages and thereby avoid the tedious process of learning syntax and semantics of a programming language. However, in a few products (e.g. LEGO MINDSTORMS, FischerTechnic) there are more open possibilities, but they tend to demand the use of a host computer and the knowledge of a programming language, with all the limitations that entails these pre-requisites.
Distributed control
With the I-BLOCKS, we explore the possibility of constructing a huge variety of physical objects with various functionalities. The processing in the physical construction is distributed among all the building blocks, and there is no central control opposed to traditional computerised systems. The distribution of control is obtained by allowing processing within each individual building block. The importance of distributed control as opposed to central control is illustrated by R. Brooks' work on behaviour-based control (Brooks, 1986) . A paradigm shift was based on Brooks work showing how to facilitate the development of control based on a task decomposition into parallel behaviours rather than into functional units in a central control. The paradigm shift had major impact on and was reinforced by other research fields, so that research on multi-agent systems, ant systems, networks (connection machine, Beowulf clusters, etc.), neural networks, complex systems and emergence put emphasis on distribution of control. Further, the current trend towards distributed control in artificial intelligence can be illustrated by much research moving away from traditional landmark problems such as computer chess that facilitate solutions based upon central control due to complete, central information about the environment (e.g. the chessboard and the chess pieces). However, as illustrated by the vast number of research fields focusing on distributed control, a major challenge is found in the definition of processing and coordination in a distributed system. Here, our work exploits distributed processing in the I-BLOCKS. This differs from other research directions that try to co-evolve control and morphology, where the building blocks do not contain processing power. In such related work, control is centralized (Lipson and Pollack, 2000) .
In what follows, we describe our experience in designing, implementing and testing the I-BLOCKS in different cultural contexts (Italy, Denmark, Tanzania) and for sustaining different activities (learning math, representing emotional states in story telling, speech therapy).
Testing I-BLOCKS with children
Our concept of flexible and tangible interface allows exploration of scenarios at different scales and contexts of use. So far we have developed different kits of I-BLOCKS (see the scenarios described later) with different shapes, functions and outputs behaviours. An open research question is at which level the I-BLOCKS should be pre-programmed and at which granularity and how much space is left for children to create their own contents. The I-BLOCK technology is continuously adapted and evolved according to the requirements of the specific applications. Here, we applied the concept to different scenarios: a free play scenario based on storytelling and characters construction called the "living tree" scenario, and a speech therapy scenario related to the rehabilitation of children with linguistic problems/impairments (like dyslexia, aphasia etc). The work was performed in collaboration with the Scuola elementare Tozzi (Siena, Italy), Scuola elementare Marliana (Pistoia, Italy), Scuola elementare Traversagna (Pistoia, Italy), and at the Cognitive Rehabilitation Centre, Ospedale Le Scotte (Siena, Italy). Though initially developed together with these specific users, the two scenarios were later re-developed with minor changes to fit for use in another cultural context, namely for introductory IT education with secondary school children (Pommerin Secondary School) and university students (Tumaini University, Iringa) in Tanzania (Lund and Vesisenaho, 2004) .
The Living Tree
The objectives of the "living tree" scenario concern the potentiality of I-BLOCKS to support creative processes in developing narratives and in externalising emotions associated to "living entities" developed by children. In the vast majority of current software and educational games for young children plotlines and characters are already provided and there may be little, if any, scope for them to use their imagination for example, to decide who the characters should be or what they should look like or do. This suggests, therefore, that there is a big difference between how children play in their everyday life where they like to build stories and characters (Fusai et al., 2003) , and what they are able to do with the kinds of technological playing currently supported by computer-based technology. Our aim with the use of I-BLOCKS is to bring children into a creative process both at the level of the construction of physical characters of the story and at the level of the behaviour and emotional attitude these characters can exhibit in the story. In order to study how children can represent personality and emotions we reviewed the scientific literature on emotions in the childhood, in particular the 'Five Factor Model of Personality ' (McCrae and John, 1992) and 'The Cognitive Structure of Emotions' Model (Ortony et al., 1998) . Based on evidence suggesting that some emotions are universal (Ekman, 1992) , we focused our analysis on anger, fear, happiness and sadness. These emotions can be interpreted easily by children of age 4-8 (Reichenbach and Masters, 1983) . However, in our implementation these emotions do not directly map single I-BLOCKS but can be "constructed" combing I-BLOCKS behaviours obtaining changes in movement and lights that children use to mean emotional states (fear, happiness, etc). The life-likeness of a character is increased by the I-BLOCK technology that allows the construction to react to external events (e.g. temperature, touch, sound). Therefore, emotions are not pre-computed but directly manipulated by children through the physical construction of I-BLOCKS. Bringing the I-BLOCKS constructions to life is not just a challenge from the point of view of technology. Since we are envisioning the possibility to build highly interactive and engaging characters, these have to be realized as individual personalities with their own desires, emotions and behaviours. This implies for children the development of cognitive abilities to make a plan to build and represent personality and emotions through the combination of I-BLOCKS. To study this, we conducted a series of pilot experiments where children were asked to draw and to build characters (living trees) using different materials (cardboard, plastic material, coloured papers, etc.) with emotional states (like a happy tree for example, see Figure 3 ). At the end of the task the children were asked to describe what they realised and why they believed the character had a particular emotional state. They were also asked to mimic the emotional state of the characters they created (see figure 4) . These preliminary experiments had the objective to collect information about the different emotional states the children were able to recognise and the elements they judged "important" to represent an emotional state. These elements were later used to implement functionality of I-BLOCKS for the living tree scenario.
The living tree is an installation placed in a park that can be configured by the users. Trees can grow up and change according to weather conditions and seasons; they can simulate the movements of sunflowers, following the sun and to be reactive to temperature and wind. The user can personalize the tree through the trees memory: the possibility to put sounds or words into the blocks. The main idea becomes to have an installation, in a public open space, where children can improve their creativity making/constructing their own "toys", using the I-BLOCKS. We want to create a sort of collaborative space that addresses the pedagogical objectives defined above. In this space children can negotiate their abilities of constructing stories around the "living tree" attributing emotional states to the structure. The emotional state of the single tree is being represented by an expression/behaviour of the construction (e.g. flashing lights for meaning happiness).
In order to investigate this possibility, we made a first mock-up using the LEGO DUPLO implementation of I-BLOCKS. The tree is able to react to and change the environment, in which it is situated, and the behaviour of the tree is decided by wind, temperature and light conditions. The specific behaviour of each parameter is: -Wind: the tree moves randomly according to wind. -Temperature: the tree changes colour according to temperature. -Light: the tree moves its light sensors towards the light source. So the living tree mock-up was implemented using different bricks, emotion construction bricks and physical construction bricks, see Table 2 . The user can build different constructions (trees), and the behaviour of the tree will depend on the physical construction and the interaction with the tree. A representative example is shown in Figure 5 . In order to create different emotional states of these living trees, the user can make different I-BLOCKS combinations that result in expression on different emotional dimensions. In a simple example, we can provide two dimensions, as shown on Figure  6 . Here, the user can construct trees to express different states of happiness and calmness. For instance, the combination on a white I-BRICK on top of a small blue I-BRICK will contribute to the tree becoming very calm (unless other combinations from the calmness dimension are present). More contributions on the same emotional dimension in a living tree can be averaged or prioritised. However, it should be noted that these are only examples, and that the user is subjectively attributing emotional meaning to the construction that is developed. The test was performed in three sessions with children of 8-10 years of age. The first session was conducted with dummy bricks (Figure 7) to allow the comparison with I-BRICKS (Bricks containing I-BLOCKS technology). The second session was devoted to the construction of the living trees using I-BRICKS (Figure 8 ) and the third was a story telling session using the trees constructed with dummy and I-BRICKS. In the condition A, the task of building a story was sequential. The children decided the content of the story first and then constructed the story. In condition B the story was mainly the product of improvisation. The construction of the story was inspired by the behaviour of the structure (tree) while it was constructed. In the condition A, the task of representing emotions was based on the shape and colour of the dummy bricks. It was an individual product of imagination. For example a child constructed a black tree explaining that it was sad because it burned. In condition B, the children modified the physical structure of the tree to represent more articulated emotional states, they negotiated among them the meaning of the behaviour of the tree and adjusted the representation of the emotional state depending on the way the tree reacted to the input from the environment (light, noise, etc.). In condition A, the task of story telling was performed at the end of the construction and was individual. In condition B, the story was more collaborative, new elements were added depending on the behaviour of the tree. An interesting outcome of the test was the difference in the physical manipulation of the bricks. In the case of dummy bricks children attributed meanings to the structure. This was an individual interpretation of the construction that remained unchanged during the story telling. With I-BRICKS the children realised to be able to construct the physical structure and its behaviour at the same time, and the fact that the structure was able to react to environmental stimuli made it possible to improvise part of the story "suggested" by the behaviour of the tree itself.
These results even if qualitative and preliminary raised a number of interesting issues that can inform future research on the I-BLOCKS technology: For example, a challenging topic of our research is the definition of a high-level language or semiotic system for defining the characters' behaviour and personality traits through the combination of I-BLOCKS. Our aim is to build up a basic kit of I-BLOCKS with a repertoire of behaviours that the children can manipulate to enable the definition of different behavioural styles and personalities. As we know, the emotional experience can be characterised in different ways, related to (i) the subjective experience of the emotion (e.g. happiness, sadness, etc.).; (ii) the physiological changes which occur in experiencing an emotion -butterflies in the stomach, goose bumps, sweating etc.; (iii) the behaviour associated with a particular emotion -smiling, crying, frowning, running away, being frozen to the spot, etc. From the point of view of the perceiver, any behaviour can be used to infer emotionperhaps the most obvious would be something like crying, running, stamping of feet or blushing. However, recognising an emotion from a behaviour may depend upon interpretation of many factors including the context of the behaviour. Venden (Venden, 1999) suggests younger children's understanding of emotion (between age 4 and 8 years) is primarily situation dependent, whereas older children have a more complex understanding which also takes into account the beliefs and desires of the individual concerned. The use of the I-BLOCKS kit could contribute to collect experimental evidence on this.
Linguistic scenario
In this scenario we transfer a well-known task used by speech therapists to the I-BLOCKS, in order to give more feedback and more sensorial information to the child. Our hypothesis is to test whether external representations, in the form of dynamic I-BLOCK constructions, would assist children in learning linguistic structures in a more effective way than with the combination of static iconic pictures like the ones currently used by speech therapists. Besides this, we want to test if bricks, differently from cards, can support the children in the performance of logic and grammatical abstraction tasks. A third hypothesis is that bricks can support the creative activity of linguistic production once the structuring of sentence is well interiorized by children through the feedback provided by the I-BLOCKS. The linguistic scenario is inspired by the Distributed Cognition theoretical approach (Hutchins, 1995) that states that the human cognition is distributed between individuals and the physical artefacts present in the external environment. In terms of (Zhang, Norman, 1994) distributed cognition is focused mainly on the relationship among internal and external representations: "The basic principle of distributed representations is that the representational system of a distributed cognitive task can be considered as a set, with some members internal and some external. Internal representations are in the mind, as propositions, productions, schemas, mental images, connectionist networks, or other forms. External representations are in the world, as physical symbols or as external rules, constraints, or relations embedded in physical configurations. Generally, there are one or more internal and external representations involved in any distributed cognitive task." The material world provides opportunities to reorganize the distributed cognitive system to make use of a different set of internal and external processes.
Following the Distributed Cognition approach, our hypothesis in designing I-BLOCKS for the linguistic scenario was that it may be possible to enhance cognition by mapping problem elements (components of a sentence) to an external, manipulative, physical and reacting construction in such a way that solutions become immediately evident and the children can receive feedback on their action of combining I-BLOCKS. Zhang and Norman (1994) propose a theoretical framework in which internal representations and external representations form a "distributed representational space" that represents the abstract structures and properties of the task in "abstract task space" (p. 90). They developed this framework to support rigorous and formal analysis of distributed cognitive tasks and to assist their investigations of "representational effects [in which] different isomorphic representations of a common formal structure can cause dramatically different cognitive behaviours" (p. 88). "External representation are defined as the knowledge of the structure in the environment, as physical symbols, objects, or dimensions (e.g., written symbols, beads of abacuses, dimensions of a graph, etc.), and as external rules, constraints, or relations embedded in physical configurations (e.g., spatial relations of written digits, visual and spatial layout of diagrams, physical constraints in abacuses, etc.)" (Zhang 1997: 180) . In discussing the power of external representations, Norman (1993) describes the game of "15" and the game of tictactoe, examples that can help us to clarify our work. The two games are "problems isomorphs", that is, they are formally identical but their external representation modifies the task and the associated difficulty. Consider a game of "15" consisting of the numbers 1 through 9. Each of two players in turn picks one of the numbers, thus leaving only the ones left for the opponent to choose from. There are no external supports for this game. The player first to reach 15 as the sum of 3 of his numbers wins the game. A picks 4. B picks 9. A picks 5. B picks 6. Which number should A pick now? In the case of "15" the problem to solve is arithmetic. In the case of tictactoe the problem has a spatial representation (the aim is to get three symbols of the same kind (X or O) in any straight line, vertically, horizontally, or diagonally, see Figure 9 ). The spatial representation makes the game easy to play, the arithmetical representation makes the same problem difficult to solve. From a computational perspective the games are isomorphic, which is evident from Figure 10 . manipulations. 15 relies on our arithmetic abilities. Rather than mediating or augmenting our cognitive abilities, the artefacts restate or transform the given task. The feature that different representations can cause dramatically different cognitive behaviour is referred to as "representational determinism" (Zhang, 1997) . It is obviously easier to play tictactoe than 15. This is exactly because tictactoe relies on external representations utilizing what we are good at, whereas you need to represent the numbers and their sum internally in the other game which we do inefficiently.
Inspired by this theoretical approach we performed an experiments with children with dyslexia to verify if the "representational determinism" of I-BLOCKS can effectively sustain linguistic learning. Currently, the speech therapist tries to teach to children with language problem the right structure of a sentence. In focus group interviews, the speech therapist's work with children was observed, and it is evident that manipulation of objects is a very important feature in order to reach language skills. Every task has the form of a game, in which the speech therapist helps the child, giving good scaffolding to the task. Children with dyslexia, i.e. a difficulty in the scholastic learning, or with a Specific Language Impairment (SLI), can have problems to understand the structure of a sentence, and the speech therapist tries to help using lots of instruments. One of the tasks that the speech therapist purveys is to construct a sentence with special cards. These cards have different shapes: (1) Small and tall green rectangle for article ( The activity is articulated in the following steps:
• The child has to recognize the different parts of a sentence without icons (verb and article).
• The therapist encourages the child to choose a situation depicted on the situation cards.
• The therapist presents the components of the specific sentence that the child has to identify and to use to structure the sentence (e.g. "the child eats the chicken").
• The child composes the sentence putting the constituting elements in sequence.
• The therapist asks the child to read the sentence putting his/her finger on the cards. If the performance is not correct, the therapist encourages the child to try again making questions like -Where is the word "the" in the following sequence? (Figure 13 ).
Another version of the task is to make available more noun-icons and to ask to the child to construct a good sentence (semantic task). In this task, the child manipulates directly the cards, and every card represents a well specified part of the sentence. The feedback, obviously, comes from the speech therapist. However, with the I-BLOCKS, we may develop a system where the child is manipulating the structure of sentences when manipulating with the physical structure of I-BLOCKS, and at the same time receives feedback from the I-BLOCKS construction. In the first mock-ups implementation, we have decided to preserve the characteristic of article (the small dimension), and to give different colours for different roles in the sentence: (1) Red small brick for article, (2) Green brick for noun, (3) Yellow display brick for verb. So a sentence construction could take the form shown in Figure 14 . The I-BLOCKS can now give feedback and sensorial information to the child based upon the physical structure that the child has created. The first testing activity was performed with two children, T. 6 years old, with hypoacusia and M. 10 years old, with dyslexia. In order to experiment the idea at a low cost, the Wizard of Oz technique was used. This technique involves a user interacting with a fake system (low fi prototypes) which is actually operated by a hidden developer -referred to as the 'wizard' (Maudsley et al., 1993) . The wizard processes input from a user and simulates system output. During this process the user is led to believe that they are interacting directly with the system. This form of prototyping is beneficial early on in the design cycle and provides a means of studying a user's expectations and requirements. The approach is particularly suited to exploring design possibilities in systems which are demanding to implement such as those that feature intelligent interfaces incorporating agents, advisors and/or natural language processing. In our case, we re-created a situation in which the child had the idea of interacting with a fully working I-BLOCK system that provided timely and appropriate feedback.
For the testing different verb, article and noun bricks were developed for composing Subject -Verb -Object sentences.
The situation cards represented the following situations:
• the child drinks the juice • the child eats the chicken • the child greets a friend • the iceman sells the ice-cream • the child buys the ice-cream • the newsagent sells the newspapers • the child looks at the television (in Italian the sentence is without preposition! Il bambino guarda la televisione) • the doctor examines the child • the mum kisses the child • the teacher reads a novel • the mechanic repairs the car • the grandma sews the dress • the grandpa buys the bread • the daddy drives the car • the mum irons the trousers In addition to noun, verb and article bricks, another special silver brick was used to verify the correct composition of the sentence (see Figure 15) . The silver brick produced a sound in case the sentence was incorrect, or it read the sentence without inflections in case the task was performed correctly. The testing activity was similar to the one executed through the cards. The child composed the sentence using the bricks and then the therapist asked the child to read the sentence and check the correctness with the silver brick. In case of error, the child was encouraged to try other combinations until the correct one is reached. Therefore the "system" pronounced the correct sentence so the child could compare is performance with the one of the system. The Wizard of Oz worked well, so the mock-up was implemented for further testing. We implemented a system in the I-BLOCKS reflecting the properties of the Wizard of Oz experiments. I-BLOCKS implemented in LEGO Duplo bricks would represent nouns, verbs, articles, preposition, based on their colour or size. Each block would also be labelled with the word. Further, a large I-BLOCK (in fact two blocks put together) would represent the magic silver brick. This large block would write the sentence on a display and play a happy or sad tune, depending on the correctness of the constructed sentence. This implementation was tested with children with dyslexia in Italy (Ospedale Le Scotte, Siena) and children with no learning problems from Denmark (Aalokke Skolen, Odense), and Tanzania (Tumaini University, Iringa). The specific implementation pose some problems to children with dyslexia (reported below), differently from children with no learning problems (tests in Denmark and Tanzania).
The experience revealed a number of interesting properties of the bricks:
• The interactive bricks sustained trial-and-error activity. The children were stimulated to seek different configurations of bricks and rapidly check the results.
• Children were in control of the experimental setting. They could check themselves the results of the activity without the support of the therapist.
• Children were much more involved in the activity. The same task performed with cards resulted boring and in some cases frustrating.
• The silver brick was always put at the end of the sentence to mean that the children understood the sequential structure of the sentence.
• The sound feedback is informative and not intrusive. It was interesting to note how the children were encouraged to reflect on the structure of the sentence in case of error.
• The abstraction task was executed correctly. The children became familiar with the bricks and were able to recognise the grammatical elements of the sentence (noun brick, article brick etc.). In a later testing session the children were asked to invent a sentence using the bricks, without icons. The result was amazing. M. for example composed the following sentences that reflected his interest for animals:
The varan lives in Komodo The varan eats goats in Komodo
where he used yellow bricks to represent the preposition (Figure 16 ). 
Conclusions
In the paper, we have described a novel concept of tangible interfaces that allows to simultaneously construct physical and conceptual structures and to compose atomics actions into complex behaviours. I-BLOCKS allow rich sensorial interaction where reality can be explored, decomposed, built and analysed. Their design and development offers the possibility to expand the current potentialities of tangible interfaces offering new opportunities for research. Even if the concept is very promising many improvements are still possible as was evident from the early testing currently underway. Likewise, important issues remain to be addressed. Most of them are at the interaction level, that is at the level, for example, where you need to refine the way in which intentions are mapped into action, where actions take on shapes that evoke their meaning and functionality, where the I-BLOCKS react promptly and consistently to the action and intentions, and where the modality and form of the feedback is meaningful for the user.
